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Collectivity in Nuclei
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ÅTrack evolution of collectivity and 
shape along isotopic chains
ÅParticularly interesting in unstable nuclei

ÅGermanium isotopes
N



Nuclear Structure in the Germanium Isotopes
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ÅShape transition in 
70Ge [1]
ÅBased on quadrupole 

moments

ÅShape coexistence in 
72Ge [2]
ÅBased on quadrupole 

shape invariants

ÅTriaxiality in 72-78Ge



Nuclear Structure in the Germanium Isotopes
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ÅTriaxiality Suggested for 84-88Ge [3]

ÅBased on low-lying level schemes
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ÅRich testing 
ground for 
nuclear models

ÅShell model [4] 
and beyond-
mean-field [5] 
methodologies 
used
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ÅRecent interest in 80Ge due to reported π state below the ς [6]

ÅMore recent measurement found no evidence for a first-excited π state [7,8]
ÅThe π state in 80Ge has not been located experimentally
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Á Investigate 80Ge with Coulomb Excitation
ÁGoal: Measure ὄὉςȠπ ᴼς and ὗς
Á Direct measure of nuclear shapes in neutron-rich Ge isotopes

ÅRecent interest in 80Ge due to reported π state below the ς [6]

ÅMore recent measurement found no evidence for a first-excited π state [7,8]
ÅThe π state in 80Ge has not been located experimentally



Coulomb Excitation
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ÅElectromagnetic interaction
ÅRestrict bombarding energy [9]

ÅObservables: Gamma-ray yields 
vs scattering angle

ÅSensitivity to B(E2) values and 
quadrupole moments
ÅReorientation effect

ὍὉςὍ

Ὅ ὉςὍ Fig. from [10]
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ÁPerformed at the NSCL [11] ReA3 [12] facility

ÁRIB produced by CCF

Á
80Ge selected by A1900 [13]

ÁBeam thermalized in a gas cell [14]

ÁInjected into ReA3 linear accelerator

ÁDelivered to the experimental setup

Á2.52 MeV/u 80Ge impinged on 196Pt

Á1.59 mg/cm2 target

ÁTarget excitations used for 

normalization



The JANUS Setup

ÅJoint Array for Nuclear Structure 
(JANUS) [15]
ÅLow energy Coulomb Excitation

ÅCommissioned 2017

ÅParticle-ɔcoincidences

ÅSegmented Germanium Array 
(SeGA) for ɔ-ray detection

ÅTwo silicon detectors for particle 
detection
ÅReaction target placed between 

silicon detectors

12[15] E. Lunderberget al., Nucl. Instrum. and Meth. in Phys. Res. A 885 (2017) 



The Silicon Detectors

ÁTwo annular Si detectors
Å300 ɛm thick

Å1.1 cm and 3.5 cm radii

Á56 segments, 768 pixels
Å24-fold radial segmentation

Å32-fold azimuthal segmentation

Å1 mm x 5 mm pixels
» 1.5° in ɗ, 11.3° in ű

7.0 cm

13[15] E. Lunderberget al., Nucl. Instrum. and Meth. in Phys. Res. A 885 (2017) 


